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OF AN AIRCRM’T-ENG13E CYLINDER

By J. C. Sanders, J. A. Hilgendorf, and
M. Il. Feters

SUMMARY

possibility that knock causes injury to engine parts only by
preignition is the subject of serious controversy. An inves-
was tklerefore cc?xlucted to determine any injurious effects of
engine parts. Eudurance tests were run on a single-cylinder

engine to compare t!le conditions of cylinders operated with and with-
out m~ck. All tests were run at approximately the sam power out-
puts . The intensity of knock W2S controlle5 by the selection of fuel.
An ~scillssc~pe was used to aid in detecting preignition.

Two hnurs of q%rationwith violent hock wera sufficient to cause
severe localized disintegration of the piston and cylinder head in the
rcginns of the end zones. Operation with light bock for 5.6 hours
resulted in slight localized disintegration of’ the piston in the region
of the intake end zor,e.

Operation for 25 hours uxier the same test conditions but with
a fuel Of sufl’iciently !:i;~h grade to snppress knock resulted in no
naticcable injury other than normal operating wear.

~~~~-th~rthe ~ecilloscop~ nor the cutting off of the ignitiOn
revealed any indication of preignition or afterfirir~.

INTROIXJCTION

The reason for suppressing fuel knock in internal-combustion
engines is to obviate the possible destructive effects of knock on
engine parts. Knock is avoided either by limiting the brake mean
effactive pressure ad other engqine-operating conditions or by using
fuels of sufficiently high antiknock qualities. The possibility
tb~t kn~ck does not caase injury directly but first induces destruc-
tive preignition has resulted in mntroversy regarding the mthods
used to prevent injury resulting from knock. If preignition must be
induced to cause injury, the swpression of preignition may prevent
injury under knocking conditions.

The possibility that hot-spot ignition rather than hock is tie
cause of injury to th9 engtie was aarly mentioned by Ricardo (refer-
ence 1). He believed that prei~nition, brought about by persistent
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knock and the consequent local overheating, was the real cause of
engine failure. This hypothesis presumes that preignition is induced
before the local overheating becomes severe enough to cause injury
directly.

Descriptions of injuries to engine parts that have teen attributed
to knock have been written by Hidqlsy (reference 2), Pye (reference 3,
PP* ~-llb)J Gagg (refersfiee 4), Wcod (rfifsrence 5), and others. In
no case, hcwever, was adequate evidence included to show that preigni-
tion did net. exist.

This paper presents the resalts cf an investigation conducted by
ths NICA at Langley Xernorial leronzr~tical Laboratory, Langley Field,
Vs., dnrin.y th= summer 01 1%? for the purpose of deterfiining whether
kn~ck W;-thout preignition is injuriols to engine partS. The operat-
ing conditions were the same in all. tssts, and tile OCtaI’M?ri3tiIIjgS Qf
t,~~ fu~~s were so s~lectcd that no knock ex~sted except in the second
tsst and in the last part or the third tes~. Special care was taken
to detect the presence of Frei.qcition or afterfiring.

AFP.!ii’LILH

Figure 1 is a diagrammatic l~yout. of
associated ?quipment. 1.?29 cylinder is a

.

d!e test engine and the
Wrifl!lt C$UC having a

6$-inch bore, a T-inch stroke, an-l a compression ratio of 6.7.
Inasmuch as the oil thrown frcm t’le crmkshft was ina~e~mte to
prcp~rly lubricate the cylinder :IIIIs, auxilimy lubrication for
the cylind.?r I:{as pr?vi~e~ :)v orifices so locati:d“in the crankcase
that oil spray~d cm the wal~s of t% ;iston and the cylinder. Addi-
tional oil was introduced intr the cylinder through holes in the
thrust ami antithrust sides o: the b%rrel at the limit of the crank-
enrl travnl of the pist.cm-ring belt. New pis+ions wm”e usnd in the
first two tests hut th- p~ston used in the tilird test had bson in
prior s?rvic9 and ./as car?fully cleaned befor.~ operation.

The fu~l f?lov: was determined by an electrically synchronized
weighing scale and a stop xatch. The cc~~ustion air was meas~ed
by a s!larp-edge, thin- late orifice installel according to A.S.M.E.

Ystandards (reference 6 . ,1 pr’ss-are :icklp ~:as used in conjunction
with a cathnd,+rly mscillcscopc ani a rscoriing oscilLograph to
observ? and r?corcl cyclic pr?ssur-: variations and to detect preigni-
tim.

TEST PROCEDURE

Three enduranca
cylinder parts after

tests were run
operation with

to compare the conditions of
and without knock.
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Test Knock Duration of test
,. ..,.. . .. (hr). . . . + . .. . .. ___

3

1 NO lmock. 25

2 Violent hock 2.08

3 NO knock 3
Light knock 5.6

Specified engine-operating conditions for all tests were as
follows:

Enginespeed, rpm. . . . . . . . . . . . . . . . . . . . . . 2200
Indicated mean effective pressure, pounds per square inch . . 220
Fuel-airratio . . . . . . . . . . . . . . . . . . . . . . .0.080
Temperature of rear spark-plug bushing, ‘F . . . . . . . . . 450
Combustion-air temperature, ‘F . . . . . . . . . . . . . . . 100
Spark advance, degreesB.T.~. . . . . . . . . . . . . . . . . 20

After the engine was run for 25 hcurs without knock (test 1),
it was thoroughly inspected ani was then reassembled with a new cyl-
inder and piston.

A trial was made to finl the correct blend of two fuels to give
a knock-limited indicated mean effective pressme approximately 10 per-
cent below the imiicated r,earl effective pressure prevailing in test 1.
The fuel finally s~lected haa a knock-limited indicated mean effective
pressure of 203 pouds ner square inch.

l?rim to test 2, the e~qin= was given a r“un-in period of ~ hours
un~er pow?r, after which the knock lWt of the fuel blend was checked.
The engine was then run for 2.08 hours at the specii’ieci test conditions,
which were 10 percent above the knock limit of the fuel. Overheating
of ths cylinder made it nec.dssary to terminate the test after 2.08 hours.
The igniticn was cut off at the tetimtion of the test while the engine
was still operating at full powsr but no afterfiring was observed. “

Before test 3 was conducted, two lubricating-oil holes were
drilied tlhrmgh the cyltider flange into the thrust and antitrust
sides of the cylinder wall at the lower limit of travel of the piston-
ring belt. The engine was again given a run-in period of ~ hours,
after which it was run at tho test conditions for 3 hours using Army
lCJO-octane fuel. The engine did not produce audible knock with the
10&octane fwl. After the first part of test 3 was completed, the
engine was disassembled and th piston was photographed.
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fu?l
The Mst wrt of test 3 ‘,vacmade at the test conditions with a
b~.enfi int~nded to p.ive a krlock-limited mean effective press-me

10 yerceilt below the sp~c~f~ed operating indj.cakd mean effective
pressure of 220 pounds psr squme inch. During the test., the oper-
ator continually made observations to detect preignition. Occasion-
ally the ignition was momeniari?.y cut off to detect the presence of
afterfiring. itecords of the pressure-time cycles were frequently
made ;~ith the’recording mscillograph.

Knock during this part of the test seemed to be somewhat lighter
than tliatobserved in test 2; therefore, after 3.5 hours of testing
the knock limit was checked and found to be at an indicated mean
effective pressure cf 216 pounds per square inch. The engine was
shut dcwn and a fresh mixiure of tilesame blend of fuels was put into
t~,~fl~~ltank. The knock limit ‘wasagain checked and found to be at
tt:e original level of an indicated mean effective pressure of
2(’3 pounds per square inch. !i’he endurance test was then resumed and
the run of 5.6 hours uas completed. At the end of the tests, the
ignition was cut off while the engine was operating at full power.
There was no evidence’of afterfiring..

~~~IJL’_f~

History of tests. - A record of test 1, the 2$hcnrr endurance
test w!.thcuthock, is shown in figure 2. The cylinder temperatures
wre r’?asonablystable except during the fifth hour when the cooling-
air pressure accidentally fell to 5.6 inclies of water. The test was
succe~sfl~ly completed witho>.ltinj~~,yto c,ylinderor pistcn.

Figure ~ shcws the histcry of test 2. The ]~.ockprod~ced in
t)-:istiCLLRa,d.ea loud noise and was considered violent. It may be
seen that the c:~lindertemperatures were not stable “but continued to
rise, The t:’s~was terminated b?cause the cylinder temperatures
bewmc so high that.seiz~re of the piston was feared.

The record of test ~ is shown in fi~ure 4. During the knocking
peri~d of S.6 hours, the cylinder temperatures were not appreciably
}:i@er”than in the first part of the test Iwithoutknock. No signs
of preigniticm were det.ectecleither by cutting off the igmitim or
h:,r&ser~irLg the os~ill~sccpe. k portion c)fa record frcm the oscil-
iwgraph is sho’.vnin figure #. Failure of the oscillograph prevented
observation of the cycles during the last hour of the test.

The variaticm in knock limit encountered during the second part
of test 3 is thought to have been caused by excessive amounts of oil
in the cylin~ero The ~~ock limit in part 2 of test 3 was determined
after tl_~eengine had been nwtored fcr some time and was found to be

——— —. ..- .. . . .—_____ .. ___ .. ____
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at tke prescribed Indicatedmean effective pressure of 203 pounds per
sqt~arein~]l. W~lenthe knock limit was checked after prolonged en~ine
operation at high -power,hovever, it was found,to have inc~eased to
an ind~cated mean effective press-~reof 213 pounds per squ~re inch,
Accumukticn of cil in the ccrn~usttonspace duzzingthe motoring -period
prmhally resulted in an apparent knock limit which was lelow the true
knock limit of the fuel. After the engine had been opei-ated.for some
the umder yowe?.?,most of the excess oil was burned away and the
observed lknocklimit then approached the true knock Mmit of the fuel
ill the engine.

Conditions of pistons and cyl~indcrs.- Inspection of the engine
after test 1, 25-hou~nduraz~ce test ;~itho-at hock, showed that the
cyij.nderand piston wore in good condition. These-parts were sub-
sequently used in c;rlindar-coolingtests,

Figures 6 and 7 show that the pistons were injwred in tests 2
and 3, in both of ~~hich lmock occ~-i-ed. The carbon deyosits in the
injured regions were eitifier erodefl or buried away. !l%e zones 5.n
which the pieton was injured are sharply defined. Figure 6(b) shows
a mcg.nifiedview of an injured area on one of the pistons. In the
wpp,>r poi-ticm the crown was not in~ured but in ‘clle lower portion the
aluminum was badly burned..

The location of the spark plugs anflthe spark thing were such
that the end zones of combustion occurred in the regions bounded by
the lnumed areas on the ~istons. ‘The c;l.inder head was also injured
in areas adjacent to the c,dmst.ion end zones. These melted areas
may 1:0 seen in- i’igm-e 8. In test 2 the piston was nr~cil mo~-e badly
bvi-ncd at a position corresponding to the inlet end zone, in which
Lmock vas ap~ai-ently norc violent than in the exhaust end zone. In
test, 3 injvr;~ to tke ~iston and cyli-ader head did not occur in the
exhaust end zone.

Figure 9 is a photo,grapb- of t:.e piston operated in the engine
with-out bock for 3 hours. ~lle crow was i.~injured and WBS coverod

~~j-t~,3 heavy deposit, of car~on, The carbon was removed from one
half’tliepiston
crown surface.

crown beforo photographing in order to expose the

Absence of surface tgni’tion.- ~ne resflts herein i-eporieddO
not conclusively demonstrate that knock causes direct injury nor that
hock uust first induce surface i~mition before causing injury. There
is ovldence, howewr, that tknockleads to the injuries observed.and
that cnrrfacai~nition was absent. Two phenomena ~illichshow that
knock does lead to the aforementioned injuz-lesare:

. . . . -—- .. . . - .—. . ... . _



6

1,
presence

2.
tion end

The

The piston and the cylinder were injured mhen
of knock but remained uninjured when operated

Injury occurred only on the surfaces adjacent

. .

tested In the
without knock.

to the combus- “
zones; where the knocking reaction takes place.”

improbability of the occurrence of surface ignition during
thsse tests was displayed by two more phenomena:

1. The absence of pre@nition was positively demonstrated and,
furthermore, no indications of aftorfiring were observed, although
thorough efforts were made to detect its presence.

2. In the two cases of injury observed in this instigation,
the most severe damage occurred on t!!esurfaces adjacent to the intake
end zone, which is normally the cool=st pGrtion of the combustion
chamber●

Effect of knock on cylinder temperatures. - Figure 3 shows that.—
cylinder teinpcratw==l cngum opurated with violent knock were
not stable but conttiled to rise. When the engine was operated under
similar conditions but without knock, the cylinder temperatures
rcuained fairly stable, as may he seen from figuro 2. The phenomenon
of continually rising e~ine temp=atum, sometincs referred to as
Urmmy tmr)crdur~~ n has been obcerv~d and discussed by Rubenz (ref- “
orunce 7) and by Veal (reference 8).

It is possibl’. that thu increased heat transferred to the surfades
around thr~ com??usticn end zor.es gradually haats the other parts:dl’thbe
cylinder. Undvr ccnditicr~s of l~ht knock tnc tornp=xatures were sta-
bilized.

It. is widely rcco@zcd that knock results in increased heat trans-
fer to the cylinder. Results of the investigation herein reported
support this bslief. Light knock resulted in a slight ticrease in
r“aquired cooliw, and violent knock rcsult~d .in cylinder temperatures
so high that it was necessary to discontimle Me test.

Results of cndurarcl: tests of 2 lxmrs with violont knock and
~.~ hours with liHht knock on a IEight CWC cylinder compared with
the ri~mllts of a 2~-hour endurance test tithout knock hdicate:

,
I

1.

1. Continuolls knock caused injuries to the aluminum surfaces
of the combustion chamber ‘fithouttid’uchg preignition.

— .—



7

2. Violent knock tended to tiorease cylinder tauperatures
gradudly, but li@t lmock had little effeot.

-...... .....,..

3. In tl&’cyl&&> tk&ed~-l&b61i was-more”deatruotive-in the
met end zone than In the exhaust end zone.

/Mromft Engine Researoh Laboratory,
National Adviso~ Cammlttee for Aeronautha,

Cleveland, Ohio
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Figure 5.- Sample oscillograph record of pressures in
cylinder during knock-endurancb test 3.

-’i%



—,., 1. . . ..—. ., ___ >—. .

J

.

Figure 5.- Sample oscillograph record of pressures in
cylinder during knock-endurmce test 3.
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(a) Piston crown (b) Injured area on piston crown X2.2. ~

Figure 6.- Test 2, piston tested for 2 hours under condition of violent knock. Indicated ~
mean effective pressure, 226 pounds per square inch; engine speed, 2200 rpm; ~

fuel-air ratio, 0.080; Wright C9GC cylinder.
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Figure 7.- Test 3, piston tested for 5.6 hours under conditions of light knock. ~
Indicated mean effective pressure, 226 pounds per square inch; engine ~

speed, 2200 rpm; fuel-air ratio, 0.080; Wright C9GC cylinder. 4



Figure 8.- Injury of cylinder head resulting from test 2, a 2-hour test with violent 9
knock. Indicated mean effective pressure, 226 pounds per square inch; engine~

speed, 2200 rpm; fuel-air ratio, 0.080; Wright C9GC cylinder. .
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Figure 9.- Test 3, piston used in 3-nour test without knock. Indicated mew effective co
pressure, 226 pounds per square inch; engine speed, 2200 rpm; fuel-air ratiO,

0.080; Army 100-octane fuel; Wright C9GC cylinder.
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